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64G<BA 4A7 I4?H8F 8KC86G87 BA G;8 54F<F B9 @H?G<C?8
 :@=9,7:19>0.?'.409.0*:7F=?4.70 %,=6,>30?,7
 :@=9,7:19>0.?'.409.0FBBB49>0.?>.409.0:=2 Figure 2. :9?=,>?492;,??0=9>:1>@=A4A,7.@=A0>@9/0=/0>4..,?492.:9/4?4:9>1:=,>>:=?0/2=:@;>:1/,=60=
49?0=80/4,?0,9/7423?0=;309:?D;0>:1,9:=?30=9,'3487,,9/,>:@?30=9,74.@?;:;@7,?4:9-:1 Droso-
phila melanogaster
Table 3. :==07,?4:9.:0114.409?>-0?B009;3D>4:7:24.,7?=,4?>,9/20:2=,;34.,7,>B077,>.748,?4.A,=4,-70>:9?309/4,9>@-.:9?4909?
% Melanisation Desiccation hr. % Rate of water loss
Parameters
Light Intermediate Dark Light Intermediate Dark Light Intermediate Dark
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 :@=9,7:19>0.?'.409.0FBBB49>0.?>.409.0:=2 Figure 3. %:>4?4A0.:==07,?4:9-0?B009;0=.09?807,94E,?4:9,9//0>4..,?4:93:@=>,-,9/902,?4A0.:==07,?4:9-0?B009-:/D
807,94E,?4:9,9/=,?0:1B,?0=7:>>	3=./1:=,>>:=?0/2=:@;>:1/,=60=49?0=80/4,?0,9/7423?0=;309:?D;0>49B47/,9/7,-:=,?:=D
;:;@7,?4:9>:1 Drosophila melanogaster774;>0>:1
;=:-,-474?D,=0>3:B9
Table 4. '48;70=02=0>>4:9,9,7D>4>:1.:A,=4,?4:9-0?B009-:/D807,94>,?4:9,9//0>4..,?4:9
=0>4>?,9.0,9/B4?3=,?0:1B,?0=7:>>	3=49,>>:=?0/;309:?D;4.2=:@;>:1B47/,9/7,-:=,?:=D
;:;@7,?4:9>:1 Drosophila melanogaster.
Melanization vs desiccation Melaniztion vs rate of water loss
Phenotype
b ± SE R2 b ± SE R2
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FG4A74E7<M87 <A BE78E GB 4IB<7 F64?<A: 89986GF 5864HF8
G;8F8 GJB C;LF<B?B:<64? GE4<GF <AIB?I8 7<998E8AG F64?8F B9
@84FHE8@8AGF	 ,H6; 4A4?LF<F 94IBEF G;8 I<8J G;4G B5
F8EI87 6;4A:8F <A G;8F8 C;LF<B?B:<64? GE4<GF @<:;G <AIB?I8
89986GF B9 6?<@4G<6 946GBEF J;<6; 6;4E46G8E<M8 :8B:E4C;<6
4?C4E4@8G8EFB9BE<:<AB9CBCH?4G<BAF	
 :@=9,7:19>0.?'.409.0*:7F=?4.70 %,=6,>30?,7
 :@=9,7:19>0.?'.409.0FBBB49>0.?>.409.0:=2 Figure 4. :9.:=/,9.0-0?B0090C;0.?0/A,7@0>:1;0=.09?807,94E,?4:9,9//0>4..,?4:9=0>4>?,9.0:9?30-,>4>:1>48@7?,90:@>1@9.
?4:9:1(,A0,9/&:1:=4249:1;:;@7,?4:9>B4?3:->0=A0/A,7@0>(30/,?,B0=0>?,9/,=/4E0/1:=,A:4/492?30>.,74920110.?>:1-:?3?30
?=,4?>
Discussion
"A7<4A FH56BAG<A8AG R O' CEBI<78F 4 ?4E:8 :8B
:E4C;<64? E4A:8 6BI8E<A: ?B64?<G<8F J<G; 7<I8EF8 6?<@4G<6
6BA7<G<BAF G;4G 94IBE 474CG4G<BAF B9 FC86<9<6 C;8ABGLC<6
I4E<4G<BAF	 ,BHG;8EA 4A7 ABEG;8EA ?B64?<G<8F 94?? HA78E
GEBC<64? 4A7 FH5GEBC<64? 6?<@4G<6 6BA7<G<BAF 5864HF8 GEBC
<6 B9 64A68E C4FF8F 4?@BFG @<7J4L B9 G;8 FH56BAG<A8AG	
%4G<GH7<A4??L FBHG;8EA C8A<AFH?4E ?B64?<G<8F 9468 @BE8
;H@<7 6BA7<G<BAF J;<?8 ABEG;8EA ?B64?<G<8F 9468 7E<8E 6BA
7<G<BAF 7H8 GB F84FBA4? I4E<4G<BAF	 L 6BAGE4FG ;<:;8E
4?G<GH7<A4? ?B64?<G<8F 4?? 4?BA: G;8 FH56BAG<A8AG 4E8 6;4E
46G8E<M87 5L @H6; ?BJ8E G8@C8E4GHE8 4A7 4?FB ?BJ8E ;H
@<7<G<8F &4A< 	 -;HF D. melanogaster CBCH?4G<BAF
9468 6;4A:8F <A G8@C8E4GHE8 4A7 ;H@<7<GL G;4G I4EL FC4
G<4??L	 -;8 I4E<45?8 6?<@4G<6 6BA7<G<BAF BA G;8 "A7<4A
FH56BAG<A8AG @4L 64HF8 E4C<7 C;8ABGLC<6 6;4A:8F <A
GE4<GF E8?4G87 GB J4G8E FGE8FF 4A7 G;8E@4? FGE8FF 4A7 FH6;
8KC86G4G<BAF @4G6; G;8 B5F8EI87 74G4 BA G;E88 C;LF<B?B
:<64? GE4<GF	 -;8 GE4<G I4?H8F 78@BAFGE4G8 45BHG GJB 9B?7
<A6E84F8 4A7 FH6; 6;4A:8F 9BE 4?? G;8 GE4<GF 9BE@ 6?<A8F
4?BA: ?4G<GH78	 ?? G;8 CBCH?4G<BAF F;BJ87 F<:A<9<64AG
J<G;<A CBCH?4G<BA I4E<45<?<GL <	8	 G;8 GE4<GF F;BJ87 
 GB 
 FG4A74E7 78I<4G<BA <A G;8 <AI8FG<:4G87 CBCH?4G<BAF	
HEG;8E@BE8 58GJ88A CBCH?4G<BAF I4E<45<?<GL J4F F<:A<
9<64AG?L ;<:;8E <	8	 45BHG  GB   FG4A74E7 78I<4G<BA 9BE
J<?7 CBCH?4G<BAF	 -;HF 9BE 4?? G;8 G;E88 C;LF<B?B:<64?
GE4<GF G;8E8 4E8 C4E4??8? 6;4A:8F <A GE4<G I4E<45<?<GL 46EBFF
CBCH?4G<BAF	
,8I8E4? CEB5?8@F 4E<F8 J<G; 4AL 4GG8@CG GB 9<A7 CBFF<5?8
64HF4? 946GBEF 9BE B5F8EI87 7<998E8A68F <A 4 C;LF<B?B:<64?
Table 5. "@7?4;70=02=0>>4:9,9,7D>4>,;;740/?:?3=00;3D>4:7:24.,7?=,4?>,>,>48@7?,90:@>1@9.?4:9:1
04?30=20:2=,;34.,7;,=,80?0=>:=	,9/.748,?4.A,=4,-70>%::70//,?,1:=,77?307,-:=,?:=D;:;@7,?4:9>
B0=0.:9>4/0=0/
Lattitude + Altitude Tave + RH
Trait
a ± SE b1± SE b2±SE R2 a ± SE b1± SE b2±SE R2
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 :@=9,7:19>0.?'.409.0*:7F=?4.70 %,=6,>30?,7
 :@=9,7:19>0.?'.409.0FBBB49>0.?>.409.0:=2 GE4<G	 D. melanogaster CBCH?4G<BAF <A G;8 "A7<4A FH56BAG<A
8AG 7B 9468 78F<664G<BA FGE8FF 4A7 ;4I8 8IB?I87 78F<664
G<BA E8F<FG4A68 <A J<?7 CBCH?4G<BAF 4?BA: ?4G<GH78 4F J8??
4F 4?G<GH78	 -;8 J8?? >ABJA 474CG<I8 @86;4A<F@F 9BE 78
F<664G<BA E8F<FG4A68 <A6?H78 E87H6G<BA <A E4G8 B9 J4G8E ?BFF
G;EBH:; 6;4A:8F <A 6HG<6H?4E ?<C<7F <A 7<I8EF8 <AF86G
:EBHCF G8A85E<BA<7 588G?8F :E4FF;BCC8EF 4A7 K8E<6 Droso-
phila FC86<8F J;<6; <A;45<G ;BG 4A7 7EL ;45<G4GF 6;4E46
G8E<FG<6 B9 78F8EGF  <55F   <55F 4A7 &4GM><A 

346;4E<4FF8A 	 L 6BAGE4FG 9BE G;8 <AI8FG<:4G87 ?B6
4?<G<8F 4?G<GH7<A4? CBCH?4G<BAF 9468 ?BJ8E G8@C8E4GHE8F 4F
J8?? 4F ?BJ8E ;H@<7<GLTF G;4G 4?J4LF 6BI4EL	 (HE CE8?<@
<A4EL 8KC8E<@8AGF F;BJ87 AB 6;4A:8F <A G;8 4@BHAG B9
6HG<6H?4E ?<C<7F <A ?BJ?4A7 IF	 ;<:;?4A7 CBCH?4G<BAF
HACH5?<F;87 74G4	 BE D. melanogaster, 85BAL @HG4AG 9?<8F
4E8 >ABJA GB CEBI<78 ;<:;8E 78F<664G<BA $4?@HF 	
66BE7<A:?L J8 4A4?LM87 4FFBEG87 :EBHCF B9 74E>8E <A
G8E@87<4G8 4A7 ?<:;G8E 9?<8F 9BE J<?7 4A7 ?45BE4GBEL CBCH
?4G<BAF J;<6; 8I<78A687 F<:A<9<64AG 6BI4E<4G<BA 58GJ88A
@8?4A<M4G<BA 4A7 78F<664G<BA E8F<FG4A68 -45?8  4A7 

<:HE8 4 4A7 5	 4E>8E C;8ABGLC8 8I<78A687 ;<:;8E
78F<664G<BA J;<?8 ?<:;G8E C;8ABGLC8 F;BJ87 ?BJ8E 78F<6
64G<BA	 HG<6H?4E <@C8E@845<?<GL 7H8 GB 5B7L @8?4A<M4
G<BA 64A 58 <A98EE87 BA G;8 54F<F B9 E87H687 E4G8 B9 J4G8E
?BFF <A 74E>8E 9?<8F	 -;8 B5F8EI87 6;4A:8F <A G;E88
C;LF<B?B:<64? GE4<GF FH::8FG CBFF<5?8 ?<A> 58GJ88A 5B7L
@8?4A<M4G<BA4A778F<664G<BAE8F<FG4A68	
*H4AG<G4G<I8 GE4<GF 5B7L @8?4A<M4G<BA 4A7 78F<664G<BA
E8F<FG4A68 4E8 6BAGEB??87 5L CB?L:8A8F 4A7 I4EL 7H8 GB
<AG8E46G<BAF B9 8AI<EBA@8AG4? 946GBEF J<G; :8A8G<6 4GGE<5
HG8F 4?6BA8E 4A7 &46>4L 	 (5F8EI87 I4E<4G<BAF <A
G;8 <AI8FG<:4G87 C;LF<B?B:<64? GE4<GF F;BJ E8:H?4E 6?<A8F
4?BA: ?4G<GH78 4F J8?? 4F 4?G<GH78	 -;8 B66HEE8A68 B9 ?4G<G
H7<A4? 6?<A8F 9BE I4E<BHF GE4<GF @BEC;B?B:<64? 6LGB?B:<64?
4A7 86BC;LF<B?B:<64? BA 7<998E8AG 6BAG<A8AGF <F B9G8A 6BA
F<78E87 GB 58 474CG<I8 8IB?HG<BA4EL E8FCBAF8F GB 6?<@4G<6
6BA7<G<BAF B9 G;8 BE<:<A B9 CBCH?4G<BAF B5M;4AF>L
 ,G4?>8E 4A7 4EFBA  &8GG?8E 8G 4?	  )E8
IBFG< 8G 4?	  04G474  )4E>4F; 4A7 &HA=4?
 )4E>4F; 8G 4?	 
	 !BJ8I8E 6?<@4G<6 6BA7<G<BAF
4E8 6B@C?8K 4A7 <G 64A 58 7<99<6H?G GB <78AG<9L 8AI<EBA
@8AG4? F8?86G<I8 946GBEF	 -;8 8KC?4A4G<BA 9BE 4?? ?4G<GH7<A
4? 6?<A8F <F G;4G G8@C8E4GHE8 <F E8FCBAF<5?8 9BE G;8 F8?86
G<BA 5864HF8 ?4G<GH78 4A7 G8@C8E4GHE8 4E8 FGEBA:?L 6BE
E8?4G87 !B99@4AA 4A7 088>F 
	 .A?<>8 G8@C8E4G
HE8 E8?4G<I8 ;H@<7<GL F;BJF AB 6BAF<FG8AG C4GG8EA <A E8?4
G<BA GB ?4G<GH78 BA 7<998E8AG 6BAG<A8AGF	 -;HF HA78E A4G
HE4? 6BA7<G<BAF 6;4A:8F <A E8?4G<I8 ;H@<7<GL ;4I8 ABG
588A 6BAF<78E87 4F 4 F8?86G<I8 4:8AG	 L 6BAGE4FG BA G;8
"A7<4A FH56BAG<A8AG ;H@<7<GL 6;4A:8F 4E8 F<:A<9<64AG
4A7 F;BH?7 58 E8?8I4AG 9BE F8I8E4? GE4<GF <A6?H7<A: 78F<6
64G<BA E8F<FG4A68	 08 9B??BJ87 @H?G<C?8 E8:E8FF<BA 9BE
4A4?LM<A: GE4<G I4E<45<?<GL 4F 4 F<@H?G4A8BHF 9HA6G<BA B9
8<G;8E :8B:E4C;<64? C4E4@8G8EF ?4G<GH78 4A7 4?G<GH78 BE
6?<@4G<6 I4E<45?8F -4I8 4A7 E8?4G<I8 ;H@<7<GL B9 G;8 F<G8F
B9 BE<:<A B9 CBCH?4G<BAF	 "9 FH6; 4A 4A4?LF<F CEBI<78F 58G
G8E CE87<6G<BA B9 GE4<G I4E<45<?<GL <A G8E@F B9 F<:A<9<64AG
I4?H8F B9 6B899<6<8AG B9 78G8E@<A4G<BA +
 J8 64A <A98E 4
CBFF<5?8 EB?8 <A G;8 474CG<I8 8IB?HG<BA4EL E8FCBAF8	 08
B5G4<A87 <@CEBI87 +
 I4?H8F 5L 6B@5<A<A: ?4G<GH7<A4?
4A7 4?G<GH7<A4? 89986GF	 BG; ?4G<GH78 4A7 4?G<GH78 <GF8?9 4E8
ABG F8?86G<I8 946GBEF 5HG 4E8 E8?4G87 GB 6?<@4G<6 F8?86G<BA	
BE 4?? G;8 C;LF<B?B:<64? GE4<GF 4I8E4:8 G8@C8E4GHE8 4A7
E8?4G<I8 ;H@<7<GL CEBI<787 F<:A<9<64AG <@CEBI8@8AG <A
G;8 6B899<6<8AG B9 78G8E@<A4G<BA +
 4A7 G;HF <G 64A 58
<A98EE87G;4G5BG;6BH?758CBFF<5?8F8?86G<I8946GBEF	
;4A:8F <A 5B7L @8?4A<M4G<BA @4L 9B??BJ DH<G8 7<998E8AG
6BAF8DH8A68F <A 7<I8EF8 <AF86G G4K4 &4=8EHF 	 -;8
474CG<I8 F<:A<9<64A68 B9 J<A: @8?4A<M4G<BA <A 588G?8F 4A7
@BG;F ;4F 588A 8KC?4<A87 BA G;8 54F<F B9 G;8E@BE8:H?4
G<BA 4G8F<4A 4A7 &H??8E<4A @<@<6EL 4CBF8@4G<F@ 4A7
6ELCF<F -EH8 
	 L 6BAGE4FG @BFG Drosophila FC86<8F
4E8 B9 F@4?? F<M8 
R@@ 4A7 7B ABG 7<FC?4L J<A: @8?4A
<M4G<BA 4A7 G;8 EB?8 B9 7<998E8AG<4? CE874G<BA @4L 58 <A
F<:A<9<64AG 4F 6B@C4E87 J<G; ?4E:8 F<M87 588G?8F 4A7
@BG;F	 HEG;8E@BE8 4F 6B@C4E87 J<G; 7<I8EF8 GLC8F B9
9BB7 E8FBHE68F B9 588G?8F 4A7 @BG;F J;<6; @4L <A9?H8A68
@8?4A<M4G<BA D. melanogaster @4<A?L 9887F BA 98E@8AG87
BE:4A<6 @4GG8E <	8	 4?6B;B?<6 FH5FG4A68F G;4G @4L ABG
CEB7H68 6;4A:8F <A 5B7L @8?4A<A	 "A G;8 CE8F8AG FGH7<8F
J8 ;4I8 ABG 6BAF<78E87 G;8F8 4FC86GF 4A7 9HGHE8 <AI8FG<:
4G<BAF4E8A88787GBI8E<9LFH6;CBFF<5<?<G<8F	
"A 6BA6?HF<BA 4A4?LF<F B9 CBCH?4G<BAF B9 D. melanogaster
78@BAFGE4G8F G;4G 5B7L @8?4A<M4G<BA <F C;8ABGLC<64??L
I4E<45?8 4A7 FH5=86G GB A4GHE4? F8?86G<BA CE8FFHE8 9BE <A
6E84F87 @8?4A<M4G<BA HA78E 6B?78E 4A7 7E<8E 6BA7<G<BAF	
(HE 74G4 4E8 6BAF<FG8AG J<G; G;8 <A6E84F87 @8?4A<M4G<BA
58<A: 4 6BAF8DH8A68 B9 F8?86G<BA BA 78F<664G<BA	 B7L
@8?4A<M4G<BA @4L E8FH?G <A 6HG<6H?4E <@C8E@845<?<GL 9BE
E87H6<A: J4G8E ?BFF HA78E <A6E84F<A: 78;L7E4G<A: 6BA7<
G<BAF	 -;8 4A4?LF<F B9 6?<@4G<6 946GBEF ;4F F;BJA G;4G 4I
8E4:8 G8@C8E4GHE8 -4I8 4A7 E8?4G<I8 ;H@<7<GL +!
@<:;G 49986G C;8ABGLC<6 I4E<45<?<GL <A GE4<GF E8?4G87 GB
G;8E@4? FGE8FF 4A7 E8FH?G<A: 6;4A:8F <A J4G8E 54?4A68
E8DH<E8@8AGF	
References
E4>89<8?7 )& 0<??@8E ) 	 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